To determine the combined influence of leisure-time physical activity and weekly alcohol intake on the risk of subsequent fatal ischaemic heart disease (IHD) and all-cause mortality.
Introduction
A large number of prospective population studies have found beneficial effects of physical activity on the risk of cardiovascular disease and all-cause mortality. 1 -7 Physical inactivity is of major importance in public health because it is highly prevalent and potentially modifiable. 8 Another large number of prospective studies have documented a lower risk of both cardiovascular disease and all-cause mortality associated with a light to moderate alcohol intake. 9 -13 Several of the potentially causal mechanisms for the beneficial effects of physical activity and alcohol intake on the circulatory system have been proposed. Some of these mechanisms may be shared, e.g. the beneficial effects on lipoprotein metabolism, inflammation, endothelial health, and insulin resistance. 14 -17 Although alcohol intake is a modifiable risk factor as well, it may seem inappropriate to advise non-drinkers to start drinking, as reasons for not drinking may include religious believes, previous alcoholism, or pregnancy. Whether one of these two modifiable factors may compensate for the effect of the other, or whether both of them are important for cardiovascular health and health in general is not yet clarified. The aim of our study was to estimate the combined influence of leisure-time physical activity and weekly alcohol intake on the risk of subsequent fatal ischaemic heart disease (IHD) and all-cause mortality.
Methods
In the Copenhagen City Heart Study, an age-stratified sample of 19 329 men and women from a distinct area of Copenhagen were randomly drawn from the Danish civil registration system and invited to participate in the first examination in 1976 -78. They were drawn among 90 000 eligible inhabitants aged 20 years or older in 1976 -78, and they were re-invited in 1981-83 along with additionally 500 newly invited persons. The response proportion at the first examination was 74% and 70% at the second examination. The participants were invited to the Copenhagen University Hospital and were asked to complete a self-administered questionnaire regarding various health-related issues including questions about leisure-time physical activity and weekly alcohol intake, before a physical examination was performed. The staff checked the responses to the questionnaires during the examination with regard to potential non-response or inconsistent responses.
We used information from the second examination where 13 095 persons participated. Of these, 491 participants were excluded due to incomplete information on the exposure variables and covariates, and further 690 participants were excluded due to pre-existing IHD in 1981-83. In our analyses, information from the remaining 11 914 participants was used, and, of these, the vast majority were Caucasians. The Copenhagen City Heart Study complies with the Declaration of Helsinki, which the Ethics Committee of Copenhagen and Frederiksberg Municipality, Denmark has approved (#01-144/01). A detailed description of the Copenhagen City Heart Study has been published previously. 18 
Leisure-time physical activity
Leisure-time physical activity was assessed as the mean level each week during the last year graded in four levels based on a questionnaire constructed by Saltin and Grimby, 19 with modifications. The four levels were: (i) being almost entirely inactive or engaging in light physical activity ,2 h per week (e.g. reading, watching television, cinemagoer); (ii) engaging in light physical activity for 2 -4 h per week (e.g. walking, cycling, light gardening, light physical exercise); (iii) engaging in light physical activity for .4 h per week or more vigorous activity for 2 -4 h per week (e.g. brisk walking, fast cycling, heavy gardening, sports that cause perspiration or exhaustion); and (iv) engaging in vigorous physical activity for .4 h per week, regular heavy exercise, or competitive sports several times per week. Level 1 was considered physically inactive, level 2 was considered a low level of physical activity, and levels 3 and 4 together were considered a moderate to high level of physical activity. The two highest levels of physical activity were combined, as there was only 2% of the population, who reported to perform the highest level of physical activity.
Alcohol intake
The subjects were classified according to their reported total weekly intake of alcohol, where one drink corresponds to one bottle of beer, one glass of wine, and one unit of spirit: non-drinkers, below one drink per week (none); moderate drinkers, one to 14 drinks per week (moderate); and heavy drinkers, 15 or more drinks per week (high).
Covariates
The following set of potential confounders was identified according to the methods of causal diagrams developed by Greenland et al.: 20 age, gender, smoking habits (never-smoker, ex-smoker, smoker of 1 -14 g/ day, and .14 g/day. One cigarette was equivalent to 1 g, a cheroot to 3 g, and a cigar to 5 g of tobacco), body mass index (kg/m 2 , continuous), education (,8 years, 8 -11 years, or at least 12 years), marital status (married or cohabiting, divorced or widowed, and single), and pre-existing diabetes. Possible intermediating effect of highdensity lipoprotein cholesterol (HDL-C) on the pathway between physical activity or alcohol intake and fatal IHD were estimated by including HDL-C in the multi-adjusted model.
Follow-up
Using the unique person identification number in the Danish civil registration system, the participants were followed from date of entry into the study, until date of death, loss to follow-up, emigration, or until 31 
Statistical analyses
We calculated hazard ratios (HR) with 95% confidence intervals for fatal IHD and all-cause mortality using Cox's proportional hazards regression analysis with age as the underlying time variable and delayed entrance, accordingly, which ensured optimal adjustment for age. Analyses were repeated with adjustment for the confounders and for the analyses of the risk of fatal IHD an additional model also included HDL-C concentrations. The percent of change in the regression coefficient between these two multivariable models was used to measure the mediating effect of HDL-C. Gender specific analyses were performed when estimating the effect of leisure-time physical activity and weekly alcohol intake. Men and women were combined in the analyses of the combined influence of physical activity and alcohol intake, as the gender separate analyses showed the same tendency. Alcohol intake was included as a cubic spline variable in the analyses of leisure-time physical activity and elsewhere as a discrete variable. Body mass index was included as a cubic spline variable in all analyses. In the analyses of the combined influence of physical activity and alcohol intake, the reference group was the physically inactive nondrinkers, but we also performed additional tests within the same model using other groups as reference. We used a joint reference group to ensure that the HR for the different levels of alcohol intake combined with physical activity status were estimated with reference to a common baseline risk.
The analyses included 5272 men and 6642 women who provided information about the variables of interest and who were free of an IHD diagnosis in 1981 -83. For every Cox model, the proportional hazard assumption was controlled with a smoothed plot of scaled Schoenfeld residuals vs. time. All analyses were two-sided and performed using STATA version 9.
Results
Of the 5272 men and 6642 women included in the analyses, 822 men (16%) and 1156 women (17%) classified themselves as physically inactive and 807 men (15%) and 2842 women (43%) reported that they consume ,1 drink per week. Within both
The combined influence of leisure-time physical activity and weekly alcohol intake on IHD and all-cause mortality genders, the physically inactive tended to be older, less educated, included more smokers, and diabetics, and were less likely to cohabit than the physically active (Table 1) . Additionally, those who consumed the majority of alcohol as wine were more likely to be women and physically active than men and inactive (Table 1 ). Physically inactive men had a median alcohol intake of 10 drinks per week, whereas men who reported either a low or a moderate to high level of physical activity drank nine drinks per week (data not shown). Among women, physically inactive had a median alcohol intake of zero drinks per week, whereas those who reported a low level of physical activity drank two drinks per week and moderate to highly active women drank 10 drinks per week (data not shown). Within both genders, non-drinkers tended to be older, less educated, and included fewer smokers, but more diabetics than moderate and heavy drinkers ( Table 1) .
During the 20 years of follow-up, 5901 participants died, and, of these, 724 men and 534 women died of IHD.
Leisure-time physical activity and weekly alcohol intake
Within both genders, being physically active was associated with significant lower HR for both fatal IHD and all-cause mortality than being physically inactive ( Table 2 and 3) . HDL-C did not mediate the risk of fatal IHD among the physically active groups ( Table 2) .
Alcohol intake was inversely associated with fatal IHD among both men and women ( Table 2) . HDL-C was a mediator of 29-58% of this risk in men and 15-32% in women ( Table 2) . A weekly moderate alcohol intake reduced the risk of all-cause mortality among both men and women, whereas the risk among heavy drinkers was similar to non-drinkers ( Table 3) .
Ischaemic heart disease Figure 1 shows the HR of fatal IHD for combinations of physical activity level and weekly alcohol intake. Within each level of physical activity, non-drinkers had the highest HR of fatal IHD, i.e. compared with moderate drinkers on each physical activity level, the HR was 1.30 (1.04-1.63) among the physically inactive nondrinkers, 1.31 (1.08-1.59) among non-drinkers with a low level of physical activity, and 1.30 (1.04-1.63) among non-drinkers with a moderate to high level of physical activity. Further, within each category of weekly alcohol intake, the physically inactive had the highest HR of fatal IHD. Thus, the lowest HR of fatal IHD were observed among the physically active moderate or heavy drinkers (range 0.50-0.56) and the highest HR among the physically inactive non-drinkers (reference group) (Figure 1) .
Compared with physically inactive non-drinkers, being physically active was associated with a 31 -33% lower HR of fatal IHD, and drinking at least one drink weekly was associated with a 30-32% lower HR, whereas being both physically active and drinking at least one drink weekly was associated with a 44-50% lower HR of fatal IHD (calculated from Figure 1) . Further, the HR of fatal IHD did not differ between non-drinkers who reported either a low level (0.98, 0.77 -1.25) or a moderate to high level of physical activity (0.95, 0.73-1.23) compared with physically inactive moderate drinkers. Thus, both physical activity and alcohol intake lowered the risk of fatal IHD. Figure 2 shows the HR of all-cause mortality for combinations of physical activity level and weekly alcohol intake. Within each category of weekly alcohol intake, the physically inactive had the highest HR of all-cause mortality and within each level of physical activity, moderate drinkers had the lowest HR of all-cause mortality. Compared to non-drinkers on a similar physical activity level, a moderate alcohol intake lowered the HR for all-cause mortality both among persons with a low level of physical activity (0.87, 0.78-0.97) and among those with a moderate to high level of physical activity (0.90, 0.82-0.98), but not among physically inactive (0.96, 0.84-1.09).
All-cause mortality
Compared with physically inactive non-drinkers, being physically active was associated with 23% lower HR of all-cause mortality, whereas a moderate alcohol intake did not lower the HR significantly, but being both physically active and drinking at least one drink weekly was associated with a 12 -33% lower HR of all-cause mortality (calculated from Figure 2 ). Thus, the lowest HR of allcause mortality were observed among the physically active moderate drinkers and the highest HR among the physically inactive nonand heavy drinkers ( Figure 2) . Further, the HR of all-cause mortality were significantly lower among non-drinkers who reported either a low level (0.80, 0.72 -0.90) or a moderate to high level of physical activity (0.81, 0.71-0.91) compared with physically inactive moderate drinkers.
Discussion
Our study shows that being both physically active and drinking a moderate amount of alcohol is important to lower the risk of both fatal IHD and all-cause mortality. As there might be good reasons for alcohol abstention, it is important that physical activity can reverse some of the adverse health effects associated with alcohol abstention.
Leisure-time physical activity and weekly alcohol intake
Our results show that being physical active in leisure-time was associated with low risk of death due to IHD and all-causes, which is in line with numerous other studies.
1 -7 Additionally, we found beneficial effects of a moderate weekly alcohol intake on the risk of fatal IHD and all-cause mortality ( Table 2 and 3) , which is also well-known from other studies.
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Ischaemic heart disease Non-drinkers who were physically inactive were at high risk of developing fatal IHD, potentially because they might not obtain the beneficial effects from neither physical activity nor alcohol intake on the circulatory system. Numerous studies have shown beneficial effects of both physical activity and alcohol intake on lipoprotein metabolism, inflammatory markers, insulin resistance, and endothelial function. In men, HDL-C was a mediator of 29-58% of the effect of alcohol intake on fatal IHD and 15-32% in women. This is to some extent in line with the previously suggested 40 -60%. 27 ,32,33 HDL-C did not mediate the effect of physical activity on fatal IHD in this study ( Table 2) . Several studies have reported a dose-response relationship between physical activity and HDL-C changes, suggesting that exercise can favourably alter blood lipids when certain exercise thresholds are met. 34 Due to a very low prevalence of highly active participants, we had to combine those who reported a moderate and a high level of activity, and this may explain the missing mediating effect of HDL-C in our study. Figure 1 Hazard ratios (95% confidence intervals) for fatal ischaemic heart disease associated with the combined influence of leisure-time physical activity level and weekly alcohol intake among 11 914 men and women (1242 cases). Adjusted for age, smoking habits, body mass index, education, marital status, and pre-existing diabetes. The reference group is those who are physically inactive and non-drinkers The combined influence of leisure-time physical activity and weekly alcohol intake on IHD and all-cause mortality Body mass index could be an intermediate variable between physical activity and mortality and thus explain why HDL-C is not important in the analyses of the risk of fatal IHD. However, the regression coefficients were essentially similar in the multivariable model with and without the adjustment for body mass index, which suggests that body mass index in these settings did not mediate the effect of physical activity on the risk of fatal IHD (data not shown). The risk lowering effect of physical activity among non-drinkers may therefore be due to other beneficial effects of physical activity, as previously described. Further, we expected that the effect of alcohol on the risk of fatal IHD would be minimized among highly active participants, but the results indicate that physical activity cannot compensate for weekly alcohol intake among the group of moderate to highly physically active persons (Figure 1) . We might have seen the expected effect if the population included a sufficient number of persons who achieved the highest level of physical activity. It might also be due to overreporting of the level of physical activity or simply that a weekly alcohol intake has other important risk lowering effects on the circulatory system than those achieved by physical activity.
Although the inactive non-drinkers can benefit from both physical activity and alcohol intake, there might be a specific reason for alcohol abstention such as religion, previous alcoholism, or pregnancy. Therefore, it is important that non-drinkers can reduce their risk of fatal IHD by being physically active.
All-cause mortality
The physically active had a significant risk lowering effect of a moderate weekly alcohol intake and this was in contrast to the physically inactive, who did not have this effect of a moderate weekly alcohol intake ( Figure 2) . Drinking pattern in terms of type of alcohol consumed and steady or binge drinking might explain this difference between the physically active and inactive. A larger proportion of the physically active preferred to drink wine compared to the physically inactive ( Table 1) , but information on whether the alcohol was consumed dispersed during the week or congregated on few days was not obtained through the questionnaire. It has been suggested that substances present in wine, but not in beer and spirits, are responsible for the lower mortality among wine drinkers. 35 -38 Hence, the preventive effect of a moderate alcohol intake on all-cause mortality among the physically active may be due to a healthy drinking pattern.
Limitations
Although the size, the prospective design, and the long follow-up time strengthen this study, accuracy of the registers, confounding, and misclassification are potential limitations. The cause of death may not be accurately registered due to the low percentage of autopsy, but it is improbable that participants suffered unrecognized deaths. 39 We stratified by gender and adjusted for age, smoking, body mass index, education, marital status, and diabetes, but confounding may still be possible, especially as this cohort has no information on dietary intake. The physically active potentially have a healthier diet than the inactive, and those who drink moderately potentially have a healthier diet than non-drinkers, which may have confounded our results. The preventive effect of physical activity and alcohol intake may, instead, be due to a healthier diet or to effects of diet in interaction with physical activity or alcohol intake. Further, we dichotomized the level of physical activity and categorized alcohol intake in order to perform the analyses of the combined effects, which have resulted in loss of information. Level of physical activity and alcohol intake obtained through a questionnaire could be subject to misclassification. Overreporting of physical activity level would result in lower beneficial effects of physical activity and may have attenuated our results with the consequence that the real difference between the physical active and inactive would be greater.
The physical activity question used in this population study has revealed associations between the level of leisure-time physical activity and mortality in other population studies. 40, 41 Additionally, the question has been shown to discriminate sedentary persons from their more active counterparts with respect to maximal oxygen uptake. 42 It is likely that some of those participants grouped as physically inactive are active at work. However, when we adjusted for physical activity at work, our results did not change.
The group of non-drinkers is a mixture of never drinkers and rare drinkers and may also be a mixture of former heavy drinkers, drinkers who underreport, and people who are ill and therefore have stopped drinking. 43 If non-drinkers in the present study were actually heavy drinkers or recent heavy drinkers, the risk of mortality related to heavy drinking would be higher and the risk among non-drinkers lower than observed. However, one of our endpoints were fatal IHD, an illness not particularly related to heavy drinking and the real difference between the non-drinkers and moderate drinkers may be even greater. Further, we excluded participants who had an IHD diagnose before the examination in 1981-83, as they had a high risk for relapse and, as a consequence, may have changed their lifestyle. Some participants may have had undiagnosed symptoms of IHD prior to the examination in 1981-83. If this has caused lifestyle changes regarding alcohol intake and physical activity, this could bias our results. However, when cases that occurred during the first 5 years of follow-up were excluded, the results were essentially similar in both the analyses on the risk of fatal IHD and allcause mortality. Excluding diabetics at baseline instead of adjusting for diabetes did not alter the results either.
In this study, 70% of the original invited cohort participated. It cannot be excluded that a decision not to participate could be related to alcohol consumption and maybe physical inactivity. Heavy alcohol consumption could be associated with social prejudices making heavy drinkers feel disinclined to participate in health surveys. Thus, the results of this study cannot necessarily be generalized to groups with extremely heavy alcohol consumption. This is probably not a problem with physical activity, as 17% of the population reported that they were physical inactive, but we might have captured the healthiest of the physically inactive.
In conclusion, non-drinkers who are physically inactive are a high-risk group for fatal IHD and all-cause mortality. Physical activity and a moderate alcohol intake can lower the risk of fatal IHD and all-cause mortality. Hence, as there might be reasons for alcohol abstention, it is important that physical activity can reverse some of the adverse health effects associated with alcohol abstention. But neither physical activity alone nor alcohol intake can completely reverse the increased risk associated with physical inactivity and alcohol abstention. Thus, both physical activity and alcohol intake are important to lower the risk of fatal IHD and allcause mortality.
